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ABSTRACT 



A method of representing a digital image to provide a coded 
representation is disclosed. The digital image is divided into 
a number of blocks of pixels and each block is transformed 
to derive a block of transform coefficients, each transform 
coefficient being represented by a predefined bit sequence. 
Each block of transform coefficients is selected in tura as a 
region and a predetermined maximum bit plane is set as the 
current bit plane. This is followed by scanning the signifi- 
cances of each bitplane of the selected region from the 
current bitplane towards a predetermined minimum bitplane, 
and providing a first token for each insignificant bitplane and 
a second token for a significant bitplane in the code repre- 
sentation until a significant bitplane is determined and the 
determined significant bitplane is set as the current bitplane. 
The selected region is partitioned into two or more sub re- 
gions having a predetermined form, and setting each of the 
sub regions as the selected region. These steps are repeated 
for each selected region in turn, commencing from the 
current bit plane until the predetermined minimum bitplane 
has been reached, or the selected region has a predetermined 
size, and coding the transform coefficients of the selected 
region and providing the coded transform coefficients in the 
coded representation. 

13 Claims, 8 Drawing Sheets 
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IMAGE TRANSFORM AND SIGNIFICANCE 
BIT PLANE COMPRESSION AND 
DECOMPRESSION 

FIELD OF THE INVENTION 5 

The present invention relates to a method and apparatus 
for encoding and decoding digital images including 
transcoding to and from other compression formats. The 
present invention is not limited to still image technologies 
and may also be used in video image technologies. 10 

BACKGROUND ART 

The JPEG compression standard is a widely used image 
compression method, particularly in its baseline JPEG 
mode. There are many other modes of JPEG, some of which 15 
offer greater compression, but such modes are usually more 
complex than baseline JPEG. JPEG has many desirable 
features, not the least of which is the substantially separate 
coding of 8x8 blocks of pixels. This means that only 8x8 
blocks of pixels need to be buffered in memory (or possibly 20 
8 lines of pixels in a hardware implementation). This low 
memory buffering requirement leads to relatively inexpen- 
sive hardware solutions and fast software execution speed. 

There is a new generation of image compression methods, 
generally based on the wavelet transform, that offer 25 
improved compression performance over JPEG. However, 
these new methods generally have much larger memory 
buffering requirements. 

It is an object of the present invention to provide an 
alternate image compression method. 

SUMMARY OF THE INVENTION 

One or more exemplary aspects of the invention are listed 
below, but are not limited thereto. 

According to one aspect of the invention there is provided 
a method of representing a digital image to provide a coded 
representation, said method including the steps of: 

(a) dividing said digital image into a number of blocks of 
pixels; ^ 

(b) transforming each block of pixels to derive a block of 
transform coefiBcients, each transform coefficient rep- 
resented by a predefined bit sequence; 

(c) selecting each block of transform coefficients in turn 

as a region and setting a predetermined maximum bit 45 
plane as the current bit plane; 

(d) scanning the significance of each bitplane of said 
selected region from said current bitplane towards a 
predetermined minimum bitplane, and providing a first 
token for each insignificant bitplane and a second token 50 
for a significant bitplane in said coded representation 
until a significant bitplane is determined and setting 
said determined significant bitplane as the current bit- 
plane; 

(e) partitioning said selected region into two or more 55 
sub regions having a predetermined form, and setting 
each of said subregions as said selected region; 

(f) repeating steps (d) and (e) for each selected region in 
turn, commencing from said current bit plane until the 
predetermined minimum bitplane has been reached, or 60 
said selected region has a predetermined size, and 
coding said transform coefficients of said selected 
region and providing said coded transform coefficients 

in said coded representation. 
According to another aspect of the invention there is 65 
provided an apparatus for representing a digital image to 
provide a coded representation, said apparatus including: 



568 Bl 

2 

means for dividing said digital image into a number of 
blocks of pixels, 

means for transforming each block of pixels to derive a 
block of transform coefficients, each coefficient repre- 
sented by a predefined bit sequence; 

means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as the current bitplane; 

means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 
tation until a significant bitplane is determined and 
setting said determined bitplane as the current bitplane; 

means for partitioning said selected region into two or 
more subregions having a predetermined form and 
setting each of said subregions as said selected region; 

means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coefficients of said selected region and pro- 
viding said coded transform coefficients in said coded 
representation. 

According to still another aspect of the invention there is 
provided a computer program product including a computer 
readable medium having recorded thereon a computer pro- 
gram for representing a digital image to provide a coded 
representation, said computer program product including: 

means for dividing said digital image into a number of 
blocks of pixels, 

means for transforming each block of pixels to derive a 
block of transform coefficients, each coefficient repre- 
sented by a predefined bit sequence; 

means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as current bitplane; 

means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 
tation until significant bitplane is determined and set- 
ting said determined bitplane as the current bitplane; 

means for partitioning said selected region into two or 
more subregions having a predetermining form, and 
setting each of said subregions as said selected region; 

means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
firom said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coefficients of said selected region and pro- 
viding said coded transform coefficients in said coded 
representation. 

According to still another aspect of the invention there is 
provide a method for decoding a coded representation of a 
digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefficients, 
said method including the steps of: 

(a) selecting each block of transform coefficients as a 
region; 
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(b) scanning said coded representation associated with 
said selected region, said coded representation includ- 
ing a first token for each insignificant bitplane of said 
coefiBcients, a second token for each significant bit- 
plane of said coefiScients, and zero or more coded 
coefiBcients; 

(c) if a first token is determined, providing an insignificant 
bitplane in an output stream for a current bitplane of 
coefiBcients of said selected region; 

(d) if a second token is determined, provided a significant 
bitplane in said output stream for said current bitplane 
of said coefiBcients of said selected region and parti- 
tioning said selected region into two or more sub re- 
gions having a predetermined form, and setting each of 
said subregions as said selected region; 

(e) repeating steps (b) to (d) commencing from a prede- 
termined bitplane until a predetermined minimum bit 
plane has been reached, or until said selected region has 
a predetermined size wherein a coded transform coef- 
ficient of said selected region is decoded and provided 
in an output block of transform coefiBcients; 

(f) inverse transforming each said output block of trans- 
form coefiBcients to derive a said block of pixels; and 

(g) combining said blocks of pixels to reconstitute the 
digital image. 

According to still another aspect of the invention there is 
provided an apparatus for decoding a coded representation 
of a digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefiBcients, 
said apparatiLs including: 

means for selecting each block of transform of coefiB- 
cients as a region; 
means for scanning said coded representation of said 
selected region, said coded representation including a 
first token for each insignificant bitplane of said 
coefiBcients, a second token for each significant bit- 
plane of said coefficients, and zero or more coded 
coefiBcients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefiBcients of said selected region; 

means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefficients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 

means for controlling said scanning means, said means 
for providing said insignificant bitplane, and means for 
providing said significant bitplane commencing from a 
predetermined bitplane until a predetermined minimum 
bit plane has been reached, or until said selected region 
has a predetermined size wherein a coded coefiBcient of 
said selected region is decoded and provided in said 
output stream. 

means for inverse transforming each said output block of 
transform coefiBcients to derive a said block of pixels; 
and 

means for combining said blocks of pixels to reconstitute 
the digital image. 

According to still another aspect of the invention there is 
provided a computer program product including a computer 
readable medium having recorded thereon a computer pro- 
gram for decoding a coded representation of a digital image, 
said computer program product comprising: 
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means for selecting each block of transform coefficients 
as a region; 

means for scanning said coded representation of said 
selected region, said coded representation including a 
first token for each insignificant bitplane of said 
coefiBcients, a second token for each significant bit- 
plane of said coefiBcients, and zero or more coded 
coefiBcients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 

means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefficients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 

means for controlling said scanning means, said means 
for providing said insignificant bitplane, and said 
means for providing said significant bitplane com- 
mencing from a predetermined bitplane until a prede- 
termined minimum bit plane has been reached, or until 
said selected region has a predetermined size wherein 
a coded coefficient of said selected region is decoded 
and provided in said output stream; 

means for inverse transforming each said output block of 
transform coefficients to derive a said block of pixels; 
and means for combining said blocks of pixels to 
reconstitute the digital image. 

According to still another aspect of the invention there is 
provided a method of transcoding a JPEG encoded digital 
image to provide a coded representation in another format; 
said method including the following steps: 

(a) entropy decoding the JPEG digital image to generate 
blocks of quantised transform coefficients; 

(b) selecting each block of transform coefficients in turn 
as a region and setting a predetermined maximum bit 
plane as the current bit plane; 

(c) scanning the significance of each bitplane of said 
selected region from said current bitplane towards a 
predetermined minimum bitplane, and providing a first 
token for each insignificant bitplane and a second token 
for a significant bitplane in said coded representation 
imtil a significant bitplane is determined and setting 
said determined significant bitplane as the current bit- 
plane; 

(d) partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 

(e) repeating steps (c) and (d) for each selected region in 
turn, commencing from said current bit plane until the 
predetermined minimum bitplane has been reached, or 
said selected region has a predetermined size, and 
coding said transform coefficients of said selected 
region and providing said coded transform coefficients 
in said coded representation. 

According to still another aspect of the invention there is 
provided an apparatus for transcoding a JPEG encoded 
digital image to provide a coded representation in another 
format; said apparatus including; 

means from entropy decoding the JPEG digital image to 

generate blocks of quantised transform coefficients; 
means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as the current bitplane; 
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means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 5 
tation until a significant bitplane is determined and 
setting said determined bitplane as the current bitplane; 
means for partitioning said selected region into two or 
more subregions having a predetermined form, and 
setting each of said subregions as said selected region: ^0 
means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coeflScients of said selected region and pro- 
viding said coded transform coefiGcients in said coded 
representation. 
According to still another aspect of the invention there is 
provided a computer program product including a computer 
readable medium having recorded thereon a computer pro- 
gram for transcoding a JPEG encoded digital image to 
provide a coded representation in another format; said 
computer program product including; 

means for entropy decoding the JPEG digital image to 

generate blocks of quantised transform coefficients; 
means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 30 
bitplane as the current bitplane; 
means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 35 
token for a significant bitplane in said coded represen- 
tation until a significant bitplane is determined and 
setting said determined bitplane as the current bitplane; 
means for partitioning said selected region into two or 
more subregions having a predetermined form, and 
setting each of said subregions as said selected region; 
means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coefiBcients of said selected region and pro- 
viding said coded transform coefficients in said coded 
representation. 
According to still another aspect of the invention there is 
provided a method of transcoding a coded representation of 
a digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefficients 
to a JPEG encoded image; said method including the fol- 
lowing steps; 

(a) selecting a block of transform coefficients as a region; 

(b) scanning said coded representation associated with 
said selected region, said coded representation includ- go 
ing a first token for each insignificant bitplane of said 
coefficients, a second token for each significant bit- 
plane of said coefficients, and zero or more coded 
coefficients: 

(c) if a first token is determined, providing an insignificant 65 
bitplane in an output stream for a current bitplane of 
coefficients of said selected region: 
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(d) if a second token is determined, providing a significant 
bitplane in said output stream for said current bitplane 
of said coefficients of said selected region and parti- 
tioning said selected region into two or more subre- 
gions having a predetermined form, and setting each of 
said subregions as said selected region; 

(e) repeating steps (b) and (d) commencing from a pre- 
determined bitplane until a predetermined minimum bit 
plane has been reached, or until said selected region has 
a predetermined size wherein a coded transform coef- 
ficient of said selected region is decoded and provided 
in an output block of transform coefficients; 

(f) entropy coding each said output block of transform 
coefficients to derive said JPEG encoded image. 

According to still another aspect of the invention there is 
provided an apparatus for transcoding a coded representa- 
tion of a digital image consisting of a number of blocks of 
pixels having associated therewith blocks of transform coef- 
ficients to a JPEG encoded image; said apparatus including; 
means for selecting a block of U^ansform coefficients as a 
region; 

means for scanning said coded representation associated 
with said selected region, said coded representation 
including a first token for each insignificant bitplane of 
said coefficients, a second token for each significant 
bitplane of said coefficients, and zero or more coded 
coefficients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 
means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefficients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 
means for controlling said scanning means, said means 
for providing said insignificant bitplane, and said 
means for providing said significant bitplane com- 
mencing from a predetermined bitplane until a prede- 
termined minimum bit plane has been reached, or until 
said selected region has a predetermined size wherein 
a coded coefficient of said selected region is decoded 
and provided in said output steam; and 
means for entropy coding each said output block of 
transform coefiScients to derive said JPEG encoded 
image. According to still another aspect of the inven- 
tion there is provided a computer program product 
including a computer readable medium having 
recorded thereon a computer program for transcoding a 
coded representation of a digital image consisting of a 
number of blocks of pixels having associated therewith 
blocks of transform coefficients to a JPEG encoded 
image; said computer program product including; 
means for selecting a block of transform coefficients as a 
region; 

means for scanning said coded representation associated 
with said selected region, said coded representation 
including a first token for each insignificant bitplane of 
said coefficients, a second token for each significant 
bitplane of said coefficients, and zero or more coded 
coefficients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 
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means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefiBcients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; means 
for controlling said scanning means, said means for 
providing said insignificant bitplane, and said means 
for providing said significant bitplane commencing 
from a predetermined bitplane until a predetermined 
minimum bit plane has been reached, or until said 
selected region has a predetermined size wherein a 
coded coefEcient of said selected region is decoded and 
provided in said output stream; and 

means for entropy coding each said output block of 35 
transform coeEGcients to derive said JPEG encoded 
image. 

According to still another aspect of the invention there is 
provided a method of representing a digital image to provide 
a coded binary representation, said method including steps 20 
of: 

(a) dividing said digital image into a number of blocks of 
pixels; 

(b) transforming each block of pixels to derive a block of 
transform coefficients, each transform coefBcient rep- 
resented by a predefined bit sequence; 

(c) selecting each block of transform coefficients in turn 
as a region and setting a predetermined significant bit 
plane as the current bit plane; 

(d) scanning the significance of each bitplane of said 
selected region from the current bit plane towards a 
predetermined minimum bitplane, and providing a first 
token for each insignificant bitplane and a second token 
for a significant bitplane in said coded binary repre- 
sentation until a significant bitplane is determined and 
setting said determined significant bit plane as the 
current bit plane; 

(e) partitioning said selected region into two or more 



FIG. 3 is a flow diagram illustrating a method of 
decoding, an image according to a preferred embodiment; 

FIG. 4 is a flow diagram illustrating a method of transcod- 
ing a JPEG baseline encoded image to an encoded image, 
where the later can be decoded by the method shown in FIG, 
3; 

FIG. 5 is a flow diagram iUustrating a method of transcod- 
ing an encoded image, encoded by the method shown in 
FIG. 2, to a JPEG baseline encoded image 

FIGS. 6 and 7 are flow diagrams iUustrating in more detail 
the method of encoding an image shown in FIG. 2; 

FIG. 8 is a block diagram iUustrating the octave parti- 
tioning of a 8x8 two dimensional discrete cosine transform; 

FIG. 9 is a flow diagram iUustrating the method of 
decoding a coded representation of an image produced in 
accordance with the method FIG. 3; and 

FIG. 10 is a detailed flow diagram iUustrating the step of 
decoding shown in FIG. 9. 

DETAILED DESCRIPTION 

Overview 

The embodiments of the invention can preferably be 
practiced using a conventional general-purpose computer, 
25 such as the one shown in FIG. 1, wherein the processes of 
FIGS. 2 to 10 are implemented as software executing on the 
computer. In particular, the steps of the coding and/or 
decoding methods are effected by instmctions in the soft- 
ware that are carried out by the computer. The software may 
30 be stored in a computer readable medium, including the 
storage devices described below, for example. The software 
is loaded into the computer from the computer readable 
medium, and then executed by the computer. A computer 
readable medium having such software or computer pro- 
gram recorded on it is a computer program product. The use 
of the computer program product in the computer preferably 
effects an advantageous apparatus for encoding digital 
images and decoding coded representations of digital images 
in accordance with the embodiments of the invention. A 
subregions having a predetermined form, and setting 40 system may be practiced for coding a digital image and 
each of said subregions as said selected region; decoding the corresponding coded representation of the 

(f) repeating steps (d) and (e) for each selected region in image, or vice versa. 

turn, commencing from said current bit plane until the The computer system 100 consists of the computer 102, 
predetermined minimum bit plane has been reached, or a video display 116, and input devices 118, 120. In addition, 
said selected region has only one transform coeflBcient 45 the computer system 100 can have any of a number of other 
and in the event of the latter coding said one transform output devices including Une printers, laser printers, plotters, 
coeflBcient by performing the foUowing steps; and other reproduction devices connected to the computer 

(i) summing the magnitude of said one transform 102, The computer system 100 can be connected to one or 



35 



coefficient and ^minBitNumber 



more other computers using an appropriate communication 



(ii) outputting a bit sequence from currenlBitNumber to 50 channel such as a modem communications path, a computer 

minBitNumber inclusive of said sum, if by doing so network, or the Uke. The computer network may include a 

the most significant bit of said sum does not exceed local area network (LAN), a wide area network (WAN), an 

the currentBitNumber, otherwise outputting a bit Intranet, and/or the Internet. 

sequence from the currentBitNumber to the minBit- The computer 102 itself consists of a central processing 

Number inclusive of said one transform coeflBcient, 55 unit(s) (simply referred to as a processor hereinafter) 104, a 



wherein the minimum bit plane has a bit number 
minBitNumber which is an integer greater than zero 
and the current bitplane has a bit number current- 
BitNumber, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention are described with refer- 
ence to the drawings, in which: 

FIG. 1 is a block diagram of a general purpose computer 
with which the embodiments can be implemented; 

FIG. 2 is a flow diagram illustrating a method of 
encoding, an image according to a preferred embodiment; 



memory 106 which may include random access memory 
(RAM) and read-only memory (ROM), an input/output (10) 
interface 108, a video interface 110, and one or more storage 
devices generaUy represented by a block 112 in FIG. 1. The 
60 storage device(s) 112 can consist of one or more of the 
following: a floppy disc, a hard disc drive, a magneto-optical 
disc drive, CD-ROM, magnetic tape or any other of a 
number of non-volatile storage devices well known to those 
skiUed in the art. Each of the components 104 to 112 is 
65 typically connected to one or more of the other devices via 
a bus 114 that in turn can consist of data, address, and control 
buses. 
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The video interface 110 is connected to the video display 
116 and provides video signals from the computer 102 for 
display on the video display 116. User input to operate the 
computer 102 can be provided by one or more input devices. 
For example, an operator can use the keyboard 118 and/or a 
pointing device such as the mouse 120 to provide input to 
the computer 102. 

The system 100 is simply provided for illustrative pur- 
poses and other configurations can be employed without 
departing from the scope and spirit of the inventions. Exem- 
plary computers on which the embodiment can be practiced 
include IBM-PC/ATs or compatibles, one of the Macintosh 
(TM) family of PCs, Sun Sparcstation (TM), or the like. The 
foregoing are merely exemplary of the types of computers 
with which the embodiments of the invention may be 
practiced. Typically, the processes of the embodiments, 
described hereinafter, are resident as software or a program 
recorded on a hard disk drive (generally depicted as block 
112 in FIG, 1) as the computer readable medium, and read 
and controlled using the processor 104. Intermediate storage 
of the program and pixel data and any data fetched from the 
network may be accomplished using the semiconductor 
memory 106, possibly in concert with the hard disk drive 
112. 

In some instances, the program may be supplied to the 
user encoded on a CD-ROM or a floppy disk (both generally 
depicted by block 112), or alternatively could be read by the 
user from the network via a modem device connected to the 
computer, for example. Still, further, the software can also 
be loaded into the computer system 100 from other com- 
puter readable medium including magnetic tape, a ROM or 
integrated circuit, a magneto-optical disk, a radio or infra- 
red transmission channel between the computer and another 
device, a computer readable card such as PCMCIA card, and 
the Internet and Intranets including email transmissions and 
information recorded on websites and the like. The forego- 
ing are merely exemplary of relevant computer readable 
mediums. Other computer readable mediums may be prac- 
ticed without departing from the scope and spirit of the 
invention. 

The embodiments of the invention may alternatively be 
implemented in dedicated hardware such as integrated cir- 
cuits. Such dedicated hardware may in addition include one 
or microprocessors and associated memories. 

Before proceeding with a further description of the 
embodiments, a brief review of terminology used hereinafter 
is provided. For a binary integer representation of a number, 
"bit n" or "bit number n" refers to the binary digit n places 
to the left of the least significant bit (beginning with bit 0). 
For example, assuming an 8-bit binary representation, the 
decimal number 9 is represented as 00001001. In this 
number, bit 3 is equal to 1, while bits 2, 1, and 0 are equal 
to 0, 0, and 1, respectively. A transform may be represented 
as a matrix having coefficients arranged in rows and 
columns, with each coefficient represented by a bit 
sequence. Conceptually speaking the matrix may be 
regarded as having three dimensions; one dimension in the 
row direction; a second dimension in the column direction 
and a third dimension in the bit sequence direction. A plane 
in this three dimensional space which passes through each 
bit sequence at the same bitnumber is called a bitplane. 

FIG. 2 shows a flow diagram of an encoding method for 
encoding an digital image to an compressed digital image in 
accordance with one embodiment of the invention. In this 
compression process, the original digital image is divided 
into 8x8 blocks of pixels, which blocks are then sequentially 
fed to the input of a 8x8 two dimensional discrete cosine 



transfonm (DCT) transformer 200. The transformer 200 
generates 8x8 blocks of DCT coefficients, in the same 
manner as the JPEG baseline standard. In one embodiment, 
each DCT coefiScieni is quantised by a quantiser 201 accord- 
ing to the JPEG baseline standard. The JPEG baseline 
method of quantisation together with other alternative 
embodiments of quantisation are described in more detail in 
the sections entitled "Quantisation Methods" and "Further 
Alterntive Quantisation Methods". The blocks are then 
sequentially fed to the encoder 202 where the quantised 
DCT coefficients of each 8x8 block are encoded. As in the 
JPEG baseline standard, the quantised DC coefficient of a 
block is encoded as the difference from the DC term of the 
previous block in the encoding order. The block encoding 
200 of DCT coefiScients is described in more detail in the 
section entitled "Block Coding of DCT Coefficients". Still 
further, entropy coding (eg. binary arithmetic coding) may 
be optionally used in conjunction with the above mentioned 
encoding process. That is, the above-described encoding 
process may be followed by a step of entropy encoding the 
encoded stream. If so, the decoding step described below 
with reference to FIG. 3 may be preceded by an entropy 
decoding step for decoding the entropy coded stream. The 
encoding method shown in FIG. 2 is very similar to JPEG 
baseline compression apparatus. However, the encoding 
method described herein uses a different method to loss- 
lessly encode the quantised DCT coefficients. 

FIG. 3 shows a flow diagram of the decoding method of 
a compressed digital image to the original digital image, 
where the compressed digital image has been encoded by the 
encoding method shown in FIG. 2, The decoding process is 
simply the reverse of this encoding process shown in FIG, 
2. The encoded bitstream is fed to a decoder 300, which 
decodes the bitstream to generate 8x8blocks of quantised 
DCT coefficients. This block decoding 300 is described in 
more detail in the section entitled "Block Decoding of DCT 
coefficients". The 8x8 blocks of quantised coefficients are 
then fed to a dequantiser 301, where each coefficient is then 
dequantised. In one embodiment, each quantised DCTcoef- 
40 ficient is dequantised according to the JPEG baseline stan- 
dard. The JPEG baseline method of dequantisation together 
with other alternative embodiments of dequantisation are 
described in more detail in the sections entitled "Quantisa- 
tion Methods" and "Further Alternative Quantisation Meth- 
45 ods". Finally each 8x8 block is transformed with an inverse 
8x8 two dimensional DCT transformer 302 and the resulting 
image blocks are combined to reconstitute the original 
image, or some approximation thereof. 

FIG. 4 shows a flow diagram of a transcoding method 
50 from a JPEG baseline compressed digital image to an 
compressed digital image, where the later can be decoded to 
the original image by the method shown in FIG. 3. In this 
transcoding process, a JPEG baseline compressed image 
bitstream is fed to an entropy decoder 400, which decodes 
55 the bitstream in the same manner as an entropy decoder 
utilized in the JPEG decompression process. In this way, the 
decoder 400 outputs 8x8 blocks of quantised DCT coeffi- 
cients. These 8x8 blocks of quantised DCT coefficients are 
then sequentially fed to an encoder 401, where the quantised 
60 DCT coefficients of each 8x8 block are encoded. This block 
coding 401 of DCT coefficients is described in more detail 
in the section "Block Coding of DCT Coefficients". In this 
way, the transcoder converts JPEG baseline compressed 
images to compressed digital images which can be decoded 
65 by the method shown in FIG. 3. Stfll further, entropy coding 
(eg, binary arithmetic coding) may be optionally used in 
conjunction with the transcoding process. That is, the above- 
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described transcoding process may be followed by a step of The quantisation employed by the quantiser 200 in this 

entropy encoding the encoded stream. If so, the transcoding embodiment uses uniform quantisation with a deadzone 

process described below may be preceded by an entropy (that is twice the size of the quantisation step size) as 

decoding step for decoding the entropy coded stream. follows. That is, given a step size 0 a coefiGcient x is 

FIG, 5 shows a flow diagram of a transcoding process 5 quantised as, 
from an compressed digital image, encoded by the method 

shown in FIG, 2, to a JPEG baseline compressed digital ^ = j^nU)| — I 

image. In this transcoding process, the compressed image ^ 

bitstream encoded by the method shown in FIG. 2, is fed to { -i x<0 

a decoder 500. The decoder 500 decodes the bitstream to lo ^^^^^^ _ I q x = 0 



generate 8x8 blocks of quantised DCT coefiBcients. This ■ j 
block decoding 500 of DCT coefiBcients is described in more 
detail in the section entitled "Block Coding of DCT Coef- 
ficients". The 8x8 blocks of quantised DCT coefficients are The dequantisation, or inverse quantisation employed by the 
then fed to an entropy encoder 501, which encodes the is dequantiser 301, is given by, 
blocks in the same maimer as an entropy encoder utilized in 

JPEG baseline compression. In this way, the transcoder ^ q (4) 

converts images, compressed by the method shown in FIG. = G9 + •f^«(9)■2 
2, to JPEG baseline compressed images. 

As the encoding and decoding processes of 400,401,500 20 tt c *■ *• -^u j j n re u 

J 1 1 *!. ■ -ui * * J r Uniiorm quantisation with a deadzone generally offers better 

and 501 are lossless then it is possible to transcode from the ,,te-distortion perfomiance than simple uniform quantisa- 

JPEG basehne standard to the compression format described ^-^^ fo, ^ compression. In the section entitled "Further 

herein and vice versa without loss. The later feature is Alternate Quantisation Methods", a further variant on uni- 

desirable smce JPEG is such a widely used standard, both in f^^^ quantisaUon with a deadzone is described which ofifers 

software and in devices such as printers and copiers. 25 even better rate distortion performance. 

Moreover, an improved form of quantisation utilized in the Block Coding of DCT coefiBcients 

block coding of the DCT CoefiBcients provides a better rate For discrete cosine transform coding applications, the 

distortion performance and ofifers no loss in transcoding to number of bits per coefiScient required to represent the 

a JPEG format. possible range of coefiBcients is determined by the resolution 

The 2 Dimensional Discrete Cosine Transform (DCT) 30 of each pixel (in bits per pixel) in the input image. This range 

In both the JPEG baseline standard and the encoding of values for each pixel is typically large relative to the 

method described herein (FIG. 2), each 8x8 block of the values of most of the transform coefficients, and thus many 

input image is transformed using two dimensional discrete coefficients have a large number of leading zeros. For 

cosine transform (200), generating an 8x8 block of trans- example, the number 9 has four leading zeros in and 8-bit 

form coefiBcients. SimUarly in both the JPEG baseline stan- 35 representation and has 12 leading zeros in a 16-bit repre- 

dard and the decoding method described herein (FIG. 3), sentation. The encoding method and apparatus in accor- 

transforming the 8x8 block of transform coefficients with a P^f^"^ embodiment provide a way of 

two dimensional inverse discrete cosine transform (302) ^epresentrng (or coding) these leading zeros, for blocks of 

.. .. 1 o o LI 1 coemcients, in any efficient manner. The remaining bits and 

gives the original 8x8 block. . r . . j j » -.t. . j- 

% • sign of the number may be encoded directly without modi- 

Quantisation , ^ . . . . fication. 

First Embodiment of Quantisation The quantisation ^o simplify the description and not to obscure unneces- 

employed by the quantiser (200) in this embodiment is the ^^rily the invention, the discrete cosine transform coeffi- 

same as m the basehne JPEG standard. That is each coef- ^ients are assumed hereinafter to be represented in an 

ficient IS uniformly quantised with a quantisation step size unsigned binary integer form, with a single sign bit. That is, 

determined by a quantisation matrix. If the step size is Q a 45 the decimal number —9 and 9 are represented with the same 

coefficient x is quantised by dividing x by Q and then bit sequence, namely 1(X)1, with the former having a sign bit 

rounding to the nearest integer. The quantised value is thus, equal to 1 to indicate a negative value, and the latter having 

a sign bit equal to 0 to indicate a positive value. The number 

- s n{x)\— +05] (1) of leading zeros is determined by the range of the transform 

^'^8^^[ Q • \ coefficients. In using an integer representation, the coeffi- 
cients are simplicity already quantised to the nearest integer 

1, , , , value. Thus, for the purpose of compression, any informa- 

where y is the largest smaller than or equal to y and. e *■ ^ • • ^ 

^ M / tion contained in fractional bits is normally ignored. 

A block consists of a set of contiguous image coefficients, 

55 eg an 8x8 discrete cosine transform (DCT) block. The term 

coefficient is used hereinafter interchangeably with pixel, 

1 > 0 however, as will be well understood by a person skilled in 

the art, the former is typically used to refer to pixels in a 

A *• 1 1 • transform domain (eg., a DCT domain). 

The dequantised value IS, , . - . . ^ 

60 The coding process shown in FIG. 2 is hereinafter 

described in more detail with reference to FIGS. 6 and 7. The 

XxQq (2) processes illustrated in the flow diagrams of FIGS. 6 and 7 

may be implemented using software executing on a general- 

The dequantiser 301 has knowledge of Q for each DCT purpose computer, such as that of FIG. 1, or alternatively 

coefficient and dequantises each quantised coefficient 65 using dedicated hardware. 

according to equation (2). Second Embodiment of Quanti- FIG. 6 is a flow diagram illustrating the block-based 

sation encoding process. Processing commences at step 602. In 



sgn(x) -. 



-1 x<0 
0 ;r = 0 
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Step 604, a header is output. This information preferably 
includes the image height and width and optionally the two 
coding parameters maxBitNumber and minBitNumber . 
Further header information may be used depending upon the 
application. 5 

The coding parameter maxBitNumber can be selected in 
a variety of ways. If the 8x8 two dimensional DCT trans- 
form is performed on all image blocks prior to coding of any 
of them, the maxBitNumber can be closed to be the MSB 
number of the largest coefficient across all DCT blocks. For lO 
example, if the largest coefficient is 10000001 (decimal 
value 129), the maxBitNumber is set to 7 since the MSB is 
bit number 7. Alternately, a deterministic bound can be used 
which is determined by the resolution of the input image. 
The selection of this parameter can have a significant effect is 
on compression. In some instances, more sophisticated ways 
of selecting maxBitNumber may be employed. 

The parameter minBitNumber determines the compres- 
sion ration versus quality trade off an can be varied. In the 
present embodiment minBitNumber is set to zero. This 20 
means that the quantised coefficients are coded losslessly. 

In step 606, the image is decomposed into blocks (or an 
image block is formed) comprised of 8x8 pixels. The image 
is decomposed preferably into non-overlapping blocks. 
However, overlapping blocks may be employed. A block 25 
size of 8x8 pixels with a 2 dimensional discrete cosine 
transform can maintain good coding efficiency and memory 
localisation. 

In step 608, each 8x8 block is level shifted and the 
discrete cosine transform (DCT) is performed. The image 30 
values are level shifted (for example, by 128 for an 8-bit 
image) to reduce or eliminate any undue mean bias, and each 
spatial block of the image is transformed. The DC coefficient 
difference is then decoded and added to the DC coefficient 
of the previous block. 

In step 609, quantisation is performed utilizing a quanti- 
sation matrix as per the JPEG baseline standard. 

In step 610, the 8x8 DCT block is coded using a subrou- 
tine CodeRegion having maxBitNumber , minBitNumber 
and T as parameters. Processing terminates in step 612. 

Step 610 for coding a block is illustrated in more detail in 
the flow diagram of FIG. 7. That is, FIG. 7 shows the 
subroutine CodeRegion using currentBitNumber , minBit- 
Number and T as parameters. The parameter T represents a 
region of DCT coefficients {cij} of the 8x8 DCT block, 45 
Preferably, the subroutine is implemented as a recursive 
technique where the subroutine process is able to call itself 
with a selected region. However, the process may be imple- 
mented in a non-recursive manner without departing from 
the scope and spirit of the invention. 

In step 702, processing commences. Initially the selected 
region T is set to the whole of the 8x8 DCT block which will 
partitioned in a predetermined manner into smaller regions 
T^ during the operation of the subroutine. 

In decision block 704, a check is made to determined if 
the currentBitNumber is less than the minBitNumber. If 
decision block 704 returns true (yes), processing continues 
at step 706. In step 706, execution returns to the caUing 
procedure. Otherwise, if decision block 704 returns false 
(no), processing continues at decision block 708. 

In decision block 708 a check is made to determine if the 
region size of 1x1 pixels. If decision block 708 returns true 
(yes), processing continues at step 710. In step 710, the 1x1 
pixel is coded. This involves outputting the bits between the 
currentBitNumber and the minBitNumber, inclusive, fol- 
lowed by a sign bit if necessary. Processing then returns to 
the calling procedure in step 712. Otherwise, if decision 



block 708 returns false (no), processing continues at deci- 
sion block 714. 

In decision block 714, a check is made to determine if the 
region is significant. If decision block 714 returns false (no), 
processing continues at step 716. In step 716, a zero (0 ) is 
output in the coded representation and a recursive call is 
made in step 717 to the subroutine CodeRegion(T, 
currentBitNumber-1, minBitnumber) where currentBitNum- 
ber has been decremented by one. Processing then returns 
the calling procedure in step 719. Otherwise, if decision 
block 714 returns true (yes), processing continues at step 
718. Alternatively, to reduce the number of recursive func- 
tion calls, the step 714 may be replaced by a step that outputs 
currentBitNumber-n zeros, where n is the largest integer for 
which T is significant. If n is not less than minBitNumber, 
the processing goes to step 718. Otherwise the function 
terminates. 

To make the concept of region significance precise, a 
mathematical definition is given in Equation (1). At a given 
bit number, say currentBitNumberxn, the region T is said to 
be insignificant if: 
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(5) 



where T denotes the region, and cij denotes coefficient (i j) 
in this region. 

In step 718, a one (1) is output in the coded representation 
to indicate that the region is insignificant. In step 720, the 
selected region is partitioned in a predetermined manner into 
subregions (T^), which is described with reference to FIG. 
8. In step 722, each region T„ in turn is coded using the 
parameters currentBitNumber and minBitNumber, by means 
of recursive call to the process of FIG. 7. In step 722 each 
subregion T^ of the previous partition step is coded specifi- 
cally with the same value of currentBitNumber. In step 724, 
execution returns to the calling procedure. 

FIG. 8 is a block diagram illustrating the partitioning of 
a 8x8 block 800 of DCT coefficients. The 8x8 block 800 of 
DCT transform coefficients, arranged in the normal manner 
of increasing frequency, is partitioned in an octave manner. 

The initial partitioning of the 8x8 DCT 800 is into two 
regions: a small region 802 (indicated with labelling as level 
1) containing the DC coefficient, and another region con- 
taining all the remaining coefficients. When this latter region 
of sixty three coefficients is partitioned it is split into four 
regions: the three single pixel regions 804, 806 and 808 (ie. 
level 2), and a further region containing the remaining sixty 
coefficients. When this latter region is partitioned it is split 
into four more regions: the three regions 810, 812 and 814 
(i.e., level 3) each consisting of 2x2 pixels, and a region 
containing the remaining forty eight coefficients. When this 
latter region is partitioned it is split into three regions 816, 
818, and 820 (i.e., level 4) each consisting of 4x4 coeffi- 
cients. Tlie level 3 and 4 regions 810 to 820 are partitioned 
according to a quadtree partition. That is when a 4x4 region 
of coefficients is partitioned it is split about its middle into 
four regions, each consisting of 2x2 coefficients. And when 
a 2x2 region of coefficients is partitioned it is spht into four 
regions each consisting of a single coefficient. 

Thus, in the process of FIG. 7, a region of he 8x8 block 
is coded. The largest MSB number is isolated as before. If 
the region consists of only one pixel, it is coded as a single 
coefficient. Otherwise, a recursive call is made to Code 
RegionO with its currentBitNumber decremented by one and 
a zero (0) is output in the coded representation until the 
currentBitNumber is less than the minBitNumber, or the 
region is significant. If the region is significant, a one (1) is 
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output in the coded representation and the region is parti- currentBitNumber equal to 7, 6, 5, and 4, since the remain- 

tioned into further regions, and these are coded in turn. A ing region is insignificant with respect to these bit numbers, 

single coefficient, for example the DC coefficient, is encoded A one (1) is output at currentBitNumber=3 (step 718), since 

by outputting the coefficient bits from the currentBitNumber this bitplane is significant with respect to bit number 3. In 

to the minBitNumber inclusive. Again, the sign is preferably 5 particular, the coefficients -13, 13,-11 and -8 have a MSB 

only output if some of the coefficient bits are non-zero. at bit number 3. The remaining region of sixty three coef- 

In the coed representation, a transform coefficient is coded ficients is then partitioned (step 720) into three regions 804, 

by simply outputting the pixel bits from the currentBitNum- 806 and 808 each consisting of one coefficient and a 

ber to the minBitNumber. Preferably, a convention is fol- remaining region of sixty coefficients. These regions are 

lowed whereby the sign is output only if some of the each coded in turn beginning with regions 804, 806 and 808. 

coefficient bits are non-zero. For example, if As each of the latter regions are 1x1 pixels, each of these 

currentBitNumberx3, minBitNumberxl, and then — 9 pixelsiscodedby outputting the bits of each coefficient from 

(00001001) is coded as "1 0 0" followed by a sign bit "1". the currentBitNumber«3 to the minBitNumber«3. Thus the 

Example of Block Coding of DCT coefficients decimal value -13 is coded as 1 (with a sign bit 1). The 

The method effectively codes the leading zeros of most decimal value 3 is coded as 0 (no sign bit is needed since it 

transform coefficients, while codmg the bits from the most ^5 ^ ^^^^^ (quantised) to zero). The decimal value 13 is coded 

significant bit to the predetermined least significant bit, ^3 j (^j^^ a sign bit 0). 1lius, at this stage, the coded 

specified by the parameter minBitNumber, and the sign representation is as foUows: 
simply as is. Thus, the preferred embodiment of the present 
invention advantageously represents the leading zeros. This 

method is very efficient where the transform coefficients 20 ^ uooioooooi 11 0 10 

exhibit a large dynamic range. A few coefficients of an 8x8 200 -13 3 13 
DCT block typically have very large values, while most have 
very small values. 

An example of Block Coding of DCT coefficients is jhe regions 802, 804, 806 and 808 are thus encoded and 

described with reference to the following 8x8 DCT block. 25 the subsequent remaining regions can then be encoded and 

The processing of the initial region (8x8 coefficients) 1300 ^ 

of FIG^8 is commenced with the maxBitNumber set to 7 gj^^j^ Decoding of DCT Coefficients 

sin^ this is the largest bit number (bitplane) of all the The decoding process for the alternate embodiment can be 

coeiTicients . . . . . 

implemented by reversing the coding process described with 

30 reference to FIGS. 6 and 7. 

FIG. 9 is a flow diagram illustrating a method of decoding 
the coded representation of an image obtained using the 
process of FIGS. 6 and 7. In step 902, processing com- 
mences using the coded representation. In step 904, the 

35 header information is read from the coded representation to 
determine the size of the original image. Also, information 
such as maxBitNumber (equal to the initial currentBitNum- 

The minBitNumber is set to 3, for illustrative purposes. A ^er in the coding process) and minBitNumber. Alternatively, 

header is preferably output in the coded representation ^^e latter two parameters may be predetermined and stored 

containing maxBitNumber and minBitNumber. The process 4Q decoder 

of coding the region 800 then foUows. gtep 908, each 8x8 block of coefficients is decoded 

At currentBitNumbero?, a one (1) is output since the using the function DeCodeRegion Q having T, maxBitNum- 

region 800 is significant with respect to bit number 7 (see ^er and minBitNumber as parameters. In step 909, the 

decision block 704, 708, and 714 and step 718 of FIG 7). resultant decoded block of 8x8 DCT coefficients are dequan- 

The region 800 is then partitioned into two sub-regions (see 45 ^^^^ g^^p 910, the inverse discrete cosine transform is 

step 720 of FIG. 7): the top left region 802 and the remaining ^pp^^^ decoded image block and level shifted. In step 

sixty three coefficients. 9^4^ ^1^^ original image is reconstituted by recombining the 

The region 802 and the remammg region of 63 coeffi- transformed 8x8 blocks of pixels. Processing terminates in 

cients are in turn coded in step 722 shown in FIG. 7. The ^jgp ^^2. 

subregion 1302 is coded first and the decimal value 200 is 53 10 is a detailed flow diagram of step 908 in FIG. 9 

coded by outputting the bits from currentBitNumbero7 to decoding each region using procedure call 

the MmBitNumber«3 (see decision block 708 and 710 of "DeCodeRegion(T currentBitNumber, minBitNumber)", 

FIG. 7). A sign bit of 0 is then output. Thus, the decimal ^^ere maxBitNumber is initially provided as the 

value of 200 is coded as 11001 followed by the sign bit 0. currentBitNumber, and where the whole 8x8 DCT block is 

The coded representation of this coefficient includes the one 55 selected as the region, T In step 1002, processing com- 

"1" bit preceeding the bits of the coefficient "200'* between jj^^nces. The inputs to the region decoding process of FIG. 

the CurrentBitNumber and minBitNumber. This completes are a region T currentBitNumber and minBitNumber 

the coding of the top left region 1302. parameters. Again, the method is preferably implemented as 

a recursive technique. However, the process maybe imple- 

"£1^" 60 mented in a non-recursive manner without departing from 

1 1 1001 0 r o 

-jQQ- the scope and spirit of the invention. 

In decision block 1004, a check is made to determine if 
the currentBitNumber is less than the minBitNumber If 

The header information is not shown in the foregoing decision block 1004 returns true (yes), processing continues 

expression. 65 at step 1006, where processing returns to the calling proce- 

The remaining region of sixty three coefficients 804 is dure. Otherwise, if decision block 1004 returns false (no), 

then coded (step 722). A zero (0) is output for each of processing continues at decision block 1008. 



200 13 -11 -8 
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In decision block 1008, a check is made to determine if Fourth Embodiments of Quantisation Method 

the selected region has a size of 1x1 pixels. If decision block In a further more efficient form of quantisation, the 

1008 retums true (yes), processing continues at step 1010. In transform coefficients are coded with the modified CodeRe- 

step 1010, the 1x1 region is decoded. This involves inputting gion function described above. However, in addition, at step 

a number of bits, the number of which corresponds to the 5 710 of the CodeRegion function we add 2"*^''^"^^''-^ to 

difference between the currentBitNumber+1 and the the magnitude of the coefficient, before outputting the coef- 

minBitNumber, followed by a sign bit. The decimal value is ficient bits currentBitNumber, . . . minBitNumber inclusive 

then decoded by multiplying the inputted binary number by if by doing so the most significant bit number of the 

2mtns,iNumber^ Processing then retums to the calling proce- coefficient does not exceed currentBitNumber. The decoder 

dure in step 1012, If decision block 1008 returns false (no), decodes the bits currentBitNumber, currentBit 

processing continues at step 1014. In step 1014, a bit is input Number -1, . . . , minBitNumber reconstructing 

from the coded representation. (dequantising) the magnitude of the coefficient exactly as 

In decision block 1016, a check is made to determine if specified by these bits, 

the bit is equal to 1, that is, the input is checked to determine As an example let minBitNumber«3 and suppose 

if the region is significant. If decision block 1016 retums currentBitNumber=3 at step 710 of the modified CodeRe- 

faJse (no), processing continues at step 1018. In step 1018, gion function. Then if the coefficient x»7 we add 

a recursive call is made to DeCodeRegionQ with its cur- 2'"^''^"^^^''- ^^4 to x to give x=ll (since the most signifi- 

rentBitNumber decremented by one, after which the pro- cant bit number of 11 is 3, which does not exceed 

cessing returns to the calling procedure in step 1019. currentBitNumber=3). We then output bit 3 of 11, which is 

Otherwise, if decision block 1016 retums true (yes), pro- 1. Since this is non-zero and x is positive we output a sign 

cessing continues at step 1020. In step 1020, the region is 20 bit 0 (indicating x is positive). On the other hand if the 

partitioned in the same predetermined manner as the encod- original coefficient x«15, then we do not add 2'*^^^^^"'"^'"^ 

ing process as shown with respect to FIGS. 7 and 8, In step «4 to x since the most significant bit number of 

1022, each of the partitioned regions is decoded by recur- x+2'"*"^''^"^'"''"^(15+4«19) would be 4 which is greater 

sively calling DeCodeRegionQ using the currentBitNumber than currentBitNumber«3. Thus 15 is coded by outputting a 

and minBitNumber. The partitioned regions are decoded in 25 1 bit (bit 3 or 15) and a 0 bit to indicate a positive coefficient, 

the same order as in the encoding process. In step 1024, Both 7 and 15 are decoded as 8. 

processing retums to the calling procedure. This fourth embodiment also utilises a scaling matrix in a 

Thus, the bits output from the significance decisions in the similar manner to that of the third embodiment described 

encoder instruct the decoder on which path of the process to above. 

take, thus mimicking the encoder. The pixels, and possibly 30 The fourth embodiment of quantisation, is more efficient 

the sign bit, are decoded by simply reading in the appropri- in a rate distortion sense than uniform quantisation and 

ate number of bits (currentBitNumber to minBitNumber and uniform quantisation with a dead-zone, 

if some of these are non-zero the sign bit). Transcoding 

Further Alternate Quantisation Methods Third Embodiment The methods of transcoding described with reference to 

of Quantisation Method 35 FIGS. 4 and 5 differs from the JPEG method only in the 

In this embodiment the block based coding process 202 lossless coding of the quantised coefficients. By lossless we 

can be used to simultaneously quantise and code the coef- mean that the coding is reversible. That is we can encode the 

ficients. This is achieved by setting a minimum bit precision, coefficients using the disclosed method and then decode to 

i.e., minBitNumber to an integer greater than zero. The produce the same quantised coefficients. The same is tme of 

unquantised transform coefficients are then coded with the 40 the corresponding coding process in JPEG. Thus we can 

CodeRegion function. Thus, at step 704, instead of returning decode from one format to the other and back without loss, 

if currentBitNumber <0 we return if For example to transcode from a JPEG compressed 

currentBitNumber<minBitNumber (which is a positive image, we partially decompress a JPEG image to give 8x8 

integer). At step 710 we output the coefficient bits blocks of quantised DCT transform coefficients. These coef- 

currentBitNumber, currentBitNumber -1, . . . minBitNum- 45 ficients are then coded according to the block based encod- 

ber only (and a sign bit only if one of these bits is non-zero). ing method disclosed here. To transcode back to JPEG we 

Using the CodeRegion function in this way we represent decode to give the 8x8 blocks of quantised DCT coefficients, 

each coefficient in T to a precision of 2'""^"^"'"*^'' (or to a These can then be coded with the JPEG quantisation index 

bit precision of minBitNumber). For dequantisation, we coding method. The output JPEG compressed file will then 

reconstruct the coefficient magnitude according to the bits 50 be identical to the original JPEG file (assuming the header 

currentBitNumber, currentBitNumber -1, . . . minBitNum- and auxiliary information remains the same), 

ber. If the coefficient is non-zero we then add 2'^'^'^"'"*^'^-^ In the same manner an image originally compressed with 

to the magnitude of the coefficient. In this way the (non- the disclosed method can be transcoded to a JPEG format 

zero) dequantised coefficients are reconstructed in the and back without loss, 

middle of the quantisation interval. This is equivalent to 55 As mentioned previously, using quantisation with a dead- 
uniform quantisation with a step size of 2"^^"^^^^"*^^" and a zone generally improves the rate distortion performances of 
deadzone. Namely this is equivalent to the second quanti- image compressors. However, if the uniform quantisation 
sation method described above. However in the present with a deadzone outlined in the section entitled "Second 
embodiment, the block based DCT process 202 simulta- Embodiment of Quantisation" is employed with the block- 
neously performs the quantising and coding and hence the 60 based DCT encoding method described herein, and if we 
quantising and dequantising steps 201, 609, 301 and 909 transcode to JPEG, the quality of the image directly decoded 
may be dispensed with. In this embodiment, prior to the by a JPEG decoder will not be optimum. This is due to the 
simultaneous coding and quantisation steps, the coefficients fact that the JPEG decoder will be using dequantisation of 
of the 8x8 DCT block are scaled by a scaling matrix. The the form of equation (2) while the optimum dequantisation 
combination of the scaling matrix and quantisation are such 65 is of the form of equation (4). However, if the quantisation 
that they are similar in effect to the quantisation matrix of the described in the section entitled "Fourth Embodiment of 
JPEG baseline standard. Quantisation" is used by the block-based DCT encoding 
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method described herein, then the effective optimum 
dequantisation is of the form of equation (2). Hence there 
will be no loss in transcoding to JPEG, and then using a 
JPEG decoder to decode the image. This form of quantisa- 
tion thus has the advantage of better rate distortion perfor- 5 
mances with the block-based DCT encoder, and offering no 
loss in transcoding to a JPEG format, with subsequent JPEG 
decoding. 

The embodiments of the invention provide methods and 
apparatuses for representing digital image data in an efficient 
and flexible manner, in which the representation is suitable 
for storing and/or transmitting images. The encoding tech- 
niques can be used generally to represent an array of 
transform coefficients, and to provide an efficient represen- 
tation by representing an image in the discrete cosine 
transform domain. In particular, the embodiments provide 
methods and apparatuses for representing (or coding) lead- 
ing zeros of blocks of transform coefficients obtained from 
an input image. The techniques are efficient in terms of 
offering a good reproduction of the original image for a 
given size code and offering fast decoding. Further, the ^° 
techniques are flexible in that coefficients obtained from a 
linear transformation are encoded independently without the 
use of entropy coding. The advantageous aspects of the 
embodiment include the quantisation nature of the coding 
and the ability to transcode to JPEG without loss. 

The foregoing only describes a smafl number of embodi- 
ments of the present invention, however, modifications 
and/or changes can be made thereto by a person skUled in 
the art without departing from the scope and spirit of the 
invention. For example, in the foregoing description, the '^^ 
embodiments of the invention have been described with 
reference to a final subregion having a predetermined size of 
1x1 coefficient. However, it will be apparent to one skilled 
in the art that a different size may be practiced without 
departing from the scope and spirit of the invention. The 
embodiments of the invention may be practiced with 2x2 
coefficients, for instance. 

What is claimed is: 

1. A method of representing a digital image to provide a 
coded representation, said method including the steps of: 

(a) dividing said digital image into a number of blocks of 
pixels; 

(b) transforming each block of pixels to derive a block of 
transform coefficients, each transform coefficient rep- 
resented by a predefined bit sequence; 

(c) selecting each block of transform coefficients in turn 
as a region and setting a predetermined maximum bit 
plane as the current bit plane; 

(d) scanning the significance of each bitplane of said 50 
selected region from said cunrent bitplane towards a 
predetermined minimum bitplane, and providing a first 
token for each insignificant bitplane and a second token 
for a significant bitplane in said coded representation 
untfl a significant bitplane is determined and setting 55 
said determined significant bitplane as the current bit- 
plane; 

(e) partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; and eo 

(f) repeating steps (d) and (e) for each selected region in 
turn, commencing from said current bit plane until the 
predetermined minimum bitplane has been reached, or 
said selected region has a predetermined size, and 
coding said transform coefficients of said selected 65 
region and providing said coded transform coefficients 

in said coded representation. 
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2. An apparatus for representing a digital image to provide 
a coded representation, said apparatus including: 

means for dividing said digital image into a number of 
blocks of pixels; 

means for transforming each block of pixels to derive a 
block of transform coefficients, each coefficient repre- 
sented by a predefined bit sequence; 

means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as the current bitplane; 

means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 
tation until a significant bitplane is determined and 
setting said determined bitplane as the current bitplane; 

means for partitioning said selected region into two or 
more subregions having a predetermined form, and 
setting each of said subregions as said selected region; 
and 

means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coefficients of said selected region and pro- 
viding said coded transform coefficients in said coded 
representation. 

3. A computer program product including a computer 
readable medium having recorded thereon a computer pro- 
gram for representing a digital image to provide a coded 
representation, said computer program product including: 

means for dividing said digital image into a number of 
blocks of pixels; 

means for transforming each block of pixels to derive a 
block of transform coefficients, each coefficient repre- 
sented by a predefined bit sequence; 

means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as the cunrent bitplane; 

means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 
tation until a significant bitplane is determined and 
setting said determined bitplane as the cunent bitplane; 

means for partitioning said selected region into two or 
more subregions having a predetermined form, and 
setting each of said subregions as said selected region; 
and 

means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coefficients of said selected region and pro- 
viding said coded transform coefficients in said coded 
representation. 

4. A method for decoding a coded representation of a 
digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefficients, 
said method including the steps of: 
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(a) selecting each block of transform coefficients as a 
region; 

(b) scanning said coded representation associated with 
said selected region, said coded representation includ- 
ing a first token for each insignificant bitplane of said 
coefficients, a second token for each significant bit- 
plane of said coefficients, and zero or more coded 
coefficients; 

(c) if a first token is determined, providing an insignificant 
bitplane in an output stream for a current bitplane of 
coefficients of said selected region; 

(d) if a second token is determined, providing a significant 
bitplane in said output stream for said current bitplane 
of said coefficients of said selected region and parti- 
tioning said selected region into two or more subre- 
gions having a predetermined form, and setting each of 
said subregions as said selected region; 

(e) repeating steps (b) to (d) commencing from a prede- 
termined bitplane until a predetermined minimum bit 
plane has been reached, or until said selected region has 
a predetermined size wherein a coded transform coef- 
ficient of said selected region is decoded and provided 
in an output block of transform coefficients; 

(f) inverse transforming each said output block of trans- 
form coefficients to derive a said block of pixels; and 

(g) combining said blocks of pixels to reconstitute the 
digital image. 

5. An apparatus for decoding a coded representation of a 
digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefficients, 
said apparatus including: 

means for selecting each block of transform of coeffi- 
cients as a region; 

means for scanning said coded representation of said 
selected region, said coded representation including a 
first token for each insignificant bitplane of said 
coefficients, a second token for each significant bit- 
plane of said coefficients, and zero or more coded 
coefficients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 

means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefficients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected regions; 

means for controlling said scanning means, said means 
for providing said insignificant bitplane, and means for 
providing said significant bitplane commencing from a 
predetermined bitplane until a predetermined minimum 
bit plane has been reached, or until said selected region 
has a predetermined size wherein a coded coefficient of 
said selected region is decoded and provided in an 
output block of transform coefficients; 

means for inverse transforming each said output block of 
transform coefficients to derive a said block of pixels; 
and 

means for combining said blocks of pixels to reconstitute 
the digital image. 

6. A computer program product including a computer 
readable medium having recorded thereon a computer pro- 
gram for decoding a coded representation of a digital image, 
said computer program product comprising; 
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means for selecting each block of transform coefficients 
as a region; 

means for scanning said coded representation of said 
selected region, said coded representation including a 
first token for each insignificant bitplane of said 
coefficients, a second token for each significant bit- 
plane of said coefficients, and zero or more coded 
coefficients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 

means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefficients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 

means for controlling said scanning means, said means 
for providing said insignificant bitplane, and said 
means for providing said significant bitplane com- 
mencing from a predetermined bitplane until a prede- 
termined minimum bit plane has been reached, or until 
said selected region has a predetermined size wherein 
a coded coefficient of said selected region is decoded 
and provided in an output block of transform coeffi- 
cients; 

means for inverse transforming each said output block of 
transform coefficients to derive a said block of pixels; 
and 

means for combining said blocks of pixels to reconstimte 
the digital image. 

7. A method of transcoding a JPEG encoded digital image 
to provide a coded representation in another format, said 
method including the following steps: 

(a) entropy decoding the JPEG digital image to generate 
blocks of quantised transform coefficients; 

(b) selecting each block of transform coefficients in turn 
as a region and setting a predetermined maximum bit 
plane as the current bit plane; 

(c) scanning the significance of each bitplane of said 
selected region from said current bitplane towards a 
predetermined minimum bitplane, and providing a first 
token for each insignificant bitplane and a second token 
for a significant bitplane in said coded representation 
until a significant bitplane is determined and setting 
said determined significant bitplane as the current bit- 
plane; 

(d) partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; and 

(e) repeating steps (c) and (d) for each selected region in 
turn, commencing from said current bit plane until the 
predetermined minimum bitplane has been reached, or 
said selected region has a predetermined size, and 
coding said transform coefficients of said selected 
region and providing said coded transform coefficients 
in said coded representation. 

8. An apparatus for transcoding a JPEG encoded digital 
image to provide a coded representation in another format, 
said apparatus including: 

means for entropy decoding the JPEG digital image to 
generate blocks of quantised transform coefficients; 

means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as the current bitplane; 
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means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 5 
tation until a significant bilplane is determined and 
setting said determined bilplane as the current bitplane; 

means for partitioning said selected region into two or 
more subregions having a predetermined for, and set- 
ting each of said subregions as said selected region; and 10 

means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 35 
region has a predetermined size, and for coding said 
transform coefficients of said selected region and pro- 
viding said coded transform coeflBcients in said coded 
representation. 

9. A computer program product including a computer 20 
readable medium having recorded thereon a computer pro- 
gram for transcoding a JPEG encoded digital image to 
provide a coded representation in another format, said 
computer program product including: 

means for entropy decoding the JPEG digital image to ^5 
generate blocks of quantised transform coefficients; 

means for selecting each block of transform coefficients in 
turn as a region and setting a predetermined maximum 
bitplane as the current bitplane; 

means for scanning the significance of each bitplane of 
said selected region from said current bitplane towards 
a predetermined minimum bitplane, and providing a 
first token for each insignificant bitplane and a second 
token for a significant bitplane in said coded represen- 
tation until a significant bitplane is determined and "'^ 
setting said determined bitplane as the current bitplane; 

means for partitioning said selected region into two or 
more subregions having a predetermined form, and 
setting each of said subregions as said selected region; 
and 

means for controlling said scanning means and said 
partitioning means to carry out respective functioning 
of said scanning and partitioning means commencing 
from said current bitplane until the predetermined 
minimum bitplane has been reached, or said selected 
region has a predetermined size, and for coding said 
transform coefficients of said selected region and pro- 
viding said coded transform coefficients in said coded 
representation. 

10. A method of transcoding a coded representation of a 
digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefficients 
to a JPEG encoded image, said method including the fol- 
lowing steps: 

(a) selecting a block of transform coefficients as a region; 

(b) scanning said coded representation associated with 
said selected region, said coded representation includ- 
ing a first token for each insignificant bitplane of said 
coefficients, a second token for each significant bit- 
plane of said coefficients, and zero or more coded 
coefficients; 

(c) if a first token is determined, providing an insignificant 
bitplane in an output stream for a current bitplane of 
coefficients of said selected region; 55 

(d) if a second token is determined, providing a significant 
bitplane in said output stream for said current bitplane 
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of said coefficients of said selected region and parti- 
tioning said selected region into two or more subre- 
gions having a predetermined fonn, and setting each of 
said subregions as said selected region; 

(e) repeating steps (b) to (d) commencing from a prede- 
termined bitplane until a predetermined minimum bit 
plane has been reached, or until said selected region has 
a predetermined size wherein a coded transform coef- 
ficient of said selected region is decoded and provided 
in an output block of transform coefficients; and 

(Q entropy coding each said output block of transform 
coefficients to derive said JPEG encoded image. 

11. An apparatus for transcoding a coded representation of 
a digital image consisting of a number of blocks of pixels 
having associated therewith blocks of transform coefficients 
to a JPEG encoded image, said apparatus including: 

means for selecting a block of transform coefficients as a 
region; 

means for scanning said coded representation associated 
with said selected region, said coded representation 
including a first token for each insignificant bitplane of 
said coefficients, a second token for each significant 
bitplane of said coefficients, and zero or more coded 
coefficients; 

means for, if a first token is determined, provided an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 

means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
rent bitplane of said coefficients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 

means for controlling said scanning means, said means 
for providing said insignificant bitplane, and said 
means for providing said significant bitplane com- 
mencing from a predetermined bitplane until a prede- 
termined minimum bit plane has been reached, or until 
said selected region has a predetermined size wherein 
a coded coefficient of said selected region is decoded 
and provided in an output block of transform coeffi- 
cients; and 

means for entropy coding each said output block of 
transform coefficients to derive said JPEG encoded 
image. 

12. A computer program product including a computer 
readable medium having recorded thereon a computer pro- 
gram four transcoding a coded representation of a digital 
image consisting of a number of blocks of pixels having 
associated therewith blocks of transform coefficients to a 
JPEG encoded image, said computer program product 
including: 

means for selecting a block of transform coefficients as a 
region; 

means for scanning said coded representation associated 
with said selected region, said coded representation 
including a first token for each insignificant bitplane of 
said coefficients, a second token for each significant 
bitplane of said coefficients, and zero or more coded 
coefficients; 

means for, if a first token is determined, providing an 
insignificant bitplane in an output stream for a current 
bitplane of coefficients of said selected region; 

means for, if a second token is determined, providing a 
significant bitplane in said output stream for said cur- 
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rent bitplane of said coefiBcients of said selected region 
and partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 
means for controlling said scanning means, said means 5 
for providing said insignificant bitplane, and said 
means for providing said significant bitplane com- 
mencing from a predetermined bitplane until a prede- 
termined minimum bit plane has been reached, or until 
said selected region has a predetermined size wherein 
a coded coefQcient of said selected region is decoded 
and provided in an output block of transform coefiB- 
cients; and 

means for entropy coding each said output block of 
transform coefiBcients to derive said JPEG encoded 
image. 

13. A method of representing a digital image to provide a 
coded binary representation, said method including the steps 
of: 

20 

(a) dividing said digital image into a number of blocks of 
pixels; 

(b) transforming each block of pixels to derive a block of 
transform coefficients, each transform coefficient rep- 
resented by a predefined bit sequence; 25 

(c) selecting each block of transform coefficients in turn 
as a region and setting a predetermined significant bit 
plane as the current bit plane; 

(d) scanning the significance of each bitplane of said 
selected region from the current bit plane towards a 
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predetermined minimum bitplane, and providing a first 
token for each insignificant bitplane and a second token 
for a significant bitplane in said coded binary repre- 
sentation until a significant bitplane is determined and 
setting said determined significant bit plane as the 
current bit plane; 

(e) partitioning said selected region into two or more 
subregions having a predetermined form, and setting 
each of said subregions as said selected region; 

(f) repeating steps (d) and (e) for each selected region in 
turn, commencing from said ciu"rent bit plane until the 
predetermined minimum bit plane has been reached, or 
said selected region has only one transform coefficient 
and in the event of the latter coding said one transform 
coefficient by performing the following steps: 

(i) summing the magnitude of said one transform 
coefficient and 2'"*'^''^"'"'«'-; and 

(ii) outpulting a bit sequence from currentBitNumber to 
minBitNumber inclusive of said sum, if by doing so 
the most significant bit of said sum does not exceed 
the currentBitNumber, otherwise outputting a bit 
sequence from the currentBitNumber to the minBit- 
Number inclusive of said one transform coefficient, 
wherein the minimum bit plane has a bit number 
minBitNumber which is an integer greater than zero 
and the current bitplane has a bit number current- 
BitNumber. 

* * * * * 
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INVENTOR(S) : James Philip Andrew 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 3, 

Line 10, "provided" should read - providing --; and 
Line 32, "transform of" should read - transform --. 

Column 6. 

Line 7, "and" should read to and 

Line 48, "According" should read - U According --. 

Column 8. 

Line 50, "modern" should read -- modem --. 
Column 10, 

Line 51, "later" should read latter 
Column 11, 

Line 27, Coefficients provides a better rate" should read -- coefficients provides 
a better rate --; 

Line 52, "largest" should read -- largest integer --; and 
Line 66, "Second" should read - H Second 

Column 12, 

Line 33, "and" should read an --; 

Line 45, "number" should read -- numbers --; and 

Line 51, "simplicity" should read implicitly 

Column 13, 

Line 19, "an" should read - and --; and 
Line 52, "will" should read ~ will be --. 



Column 15, 

Line 6, "coed" should read - coded and 

Line 11, "currentBitNumberX3, minBitNumberXl," should read 

-- currentBitNumber = 3, minBitNumber = 1, 
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